Methotrexate-induced apoptosis is enhanced by altered expression of methylenetetrahydrofolate reductase.
Folates are essential for DNA synthesis and methylation reactions. The antifolate methotrexate (MTX) is a widely used chemotherapeutic drug which inhibits DNA synthesis and induces apoptosis. Changes in activity of a critical folate-metabolizing enzyme, methylenetetrahydrofolate reductase (MTHFR), might alter the chemosensitivity to MTX, as the MTHFR substrate is required for nucleotide synthesis and its product is used in homocysteine remethylation to methionine. Mild MTHFR deficiency is common in many populations due to a polymorphism at bp 677. We previously showed that altered expression of MTHFR enhanced MTX-induced myelosuppression in mice. To determine the cause of the impaired hematopoietic profile in mice with decreased or increased MTHFR expression, we evaluated MTX-induced apoptosis in the major hemolytic organ, spleen, using the terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end-labeling (TUNEL) staining and caspase-3/7 activity assays, in MTHFR-deficient mice and in MTHFR-overexpressing mice after MTX administration. Decreased or increased expression of MTHFR in mice significantly increased TUNEL-positive cells and caspase-3/7 activities in MTX-treated spleen, compared with that of wild-type littermates. Plasma homocysteine levels correlated with apoptotic index in MTX-treated MTHFR-deficient mice and dUTP/dTTP ratios correlated with apoptotic index in MTX-treated MTHFR-overexpressing mice. The increased apoptosis may therefore relate to hyperhomocysteinemia and deoxyribonucleotide pool imbalances, respectively. Our results suggest that MTHFR underexpression and overexpression enhances MTX-induced apoptosis and myelosuppression, and that genotyping for the MTHFR polymorphism may have therapeutic implications.